Standardization of protein extracts for clinical purposes represents an important task in order to maintain adequate reactivity, presence of the relevant allergens and safety among other factors. The main objective of this work was to explore the potential use of a chip-based automated capillary electrophoresis system commercially available to analyze several of the most common forms of allergenic extracts from olive pollen used in allergy clinics. These include experimental extracts prepared from olive pollens, in-house reference extracts, extracts designed for skin prick test assays, and a panel of vaccine variants aimed to specific immunotherapy. As a major conclusion of the study, chip-based capillary electrophoresis allowed in all cases to determine accurate protein profiles with different degrees of sensitivity, where several allergens (particularly the major olive pollen allergen Ole e 1) were easily recognized. Moreover, several purified allergens were also analyzed by this method, and proposed as specific standards for different purposes. In the present condition, the method can only provide the protein profile of the extracts respect to a pre-established standard extract, but not allergen identification. However, these and other future developments and applications are discussed.
include experimental extracts prepared from olive pollens, in-house reference extracts, extracts designed for skin prick test assays, and a panel of vaccine variants aimed to specific immunotherapy. As a major conclusion of the study, chip-based capillary electrophoresis allowed in all cases to determine accurate protein profiles with different degrees of sensitivity, where several allergens (particularly the major olive pollen allergen Ole e 1) were easily recognized. Moreover, several purified allergens were also analyzed by this method, and proposed as specific standards for different purposes. In the present condition, the method can only provide the protein profile of the extracts respect to a pre-established standard extract, but not allergen identification. However, these and other future developments and applications are discussed.
Olive pollen represents a major source of allergy in the Mediterranean and several other emerging countries, affecting a relevant percentage of their population. Up to date, twelve allergens have been isolated and biochemically characterized from olive pollen, with a broad panel of molecular weights, isoelectric points, polysaccharide-associated profiles and biochemical characteristics [1] . Allergograms (patient's sensitization profiles revealed by Western blotting) are however, much more complex. Ole e 1, with three main variants of c.a.
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18, 20, and 22 kDa, as well as other aggregated forms, has been described as the major olive pollen allergen and a marker of Oleaceae-associated allergy. This allergen, as well as the remaining olive pollen allergens where studied, displays a relevant molecular polymorphism.
Furthermore, such allergen polymorphism is a common feature for many other species, and has been demonstrated to be closely associated (both in qualitative and quantitative terms) to the genetic origin and diversity of the original plant material used to prepare pollen extracts [2, 3] . This large heterogeneity of the allergenic sources involves a extremely careful labor of standardization of the olive (and other) extracts used for clinical purposes, mainly those used for SPT (skin prick testing) and the preparation of personalized vaccines for SIT (Specific ImmunoTherapy) [4] . Standardization is a critical procedure ensuring the efficacy and safety of the diagnosis and treatments, and this is one of the reasons why extremely efficient methods are currently under development, these including high sensitivity quantitation methods like Western blotting and ELISA (Enzyme-Linked ImmunoSorbent Assay) among other. A recently emerged concept, named CRD (Component-Resolved Diagnosis) is becoming a standard for clinical purposes. Methods based on CRD rely in the accurate use of pure allergen molecules either produced by recombinant expression or purification from natural allergen sources [5, 6] . Recently, we have developed a multiplex method for the simultaneous detection of multiple allergens from olive pollen extracts, which also allows identifying patient's reactivity in a simultaneous detection method [7, 8] . The present work aims to explore the advantages of capillary electrophoresis (CE) for the analysis of both experimental and commercial pollen protein extracts for allergy diagnosis, in the context of a commercially available automated electrophoresis station, which uses a chip format. For sodium dodecyl sulfate-polyacrylamide electrophoresis (SDS-PAGE), total proteins (25 µg per sample) were mixed with an equal volume of 2x SDS sample buffer [9] , boiled for 3 min prior to gel loading and separated by SDS-PAGE on Criterion TM TGX TM Precast Gels (Bio-Rad, USA) using Criterion TM Cell apparatus (Bio-Rad, USA). After electrophoresis, the resulting gels were stained with Coomassie Brilliant blue (CBB) according to standard procedures. Gel documentation was carried out in an ImageScanner III (GE Healthcare BioSciences AB) using the LabScan 6.0 software (GE Healthcare Bio-Sciences AB).
SDS-CE procedure was carried out using a commercial, automated electrophoresis station Both standard SDS-PAGE and SDS-CE analysis of experimental olive pollen extracts are depicted in Figure 1 .
Proposed location for Figure 1
The standard and the virtual gels obtained reveal the presence of complex band profiles for all the cultivars analyzed ( Fig. 1A and B) . As previously reported [10] , noticeable differences among cultivars can be observed, particularly as regard to the presence and intensity of bands of c.a. 18-20 kDa (Fig. 1A) for standard SDS-PAGE, in a clear correspondence with bands of c.a. 27-30 kDa (Fig. 1B) for chip-based CE. These bands (normally two, corresponding to a non-glycosylated and a glysosylated form of protein) have been widely reported as the major olive pollen allergen Ole e 1 by using highly discriminant methods including Westernblotting with well-characterized monoclonal antibodies [10] , and peptide mapping procedures [11] . Bands named "system peak" in all virtual gels and electropherograms is a cluster of signal generated in the commercial system by fluorescent detergent micelles. Figures 1C and   1D display fluorescence density electropherograms resulting from chip-based CE, corresponding to two representative extracts for high-and low-Ole e 1 content, respectively.
The peaks matching the Ole e 1 allergen, likely in its non-glycosylated and glycosylated forms are clearly distinguishable in both cases. Reproducibility of chip-based CE was very high, and both the virtual gels and the electropherograms obtained for a given sample in separate runs were practically identical (data not shown). Electrophoresis
Correspondence between standard SDS-PAGE and SDS-CE in terms of apparent molecular weights, and between these techniques and mass spectrometry is not absolute, even though the commercial SDS-CE system used here includes a number of internal controls, like the use of optimized recombinant protein standards (two of them, with molecular masses of 10 and 260 kDa are used to build a proper alignment of samples, and are repeated in every sample by the Experion TM software). However, additional considerations may apply therefore explaining such slight divergences. For example, running conditions for SDS-PAGE and chip-based CE, although similar (denaturing and reducing) may be slightly different. These differences might be even higher in the case of glycoproteins like Ole e 1. In this regard, SDS-PAGE offers a closer approach to mass spectrometry data for Ole e 1 than chip-based CE. For this and other additional reasons (as explained later) the inclusion of further controls and internal standards is highly advisable, and can be easily incorporated into the system.
The application of chip-based CE methods to extracts with clinical interest for allergy diagnosis and treatment is illustrated in Figure 2 . Finally, Fig. 2C shows the virtual profiles of four commercial extracts used as personalized
vaccines. Electrophoresis
Proposed location for Figure 2
All the products analyzed present sharp differences which can be analyzed in detail and proportion. In this lane, it is remarkable the presence of relevant bands other than Ole e 1, at higher molecular weights.
The information obtained by chip-based CE systems like the one used here can be displayed in multiple forms, and therefore used in multiple ways. For example, a more detailed analysis of the protein profiles of the vaccines can be performed just by adjusting the sensitivity of the system, as displayed in the virtual gels and electropherograms represented in Figs. 2D, and E-H, respectively, without the need of additional experimental runs.
Page 8 Electrophoresis
This article is protected by copyright. All rights reserved. Figure 3 shows protein profiles corresponding to three purified allergens from different sources: Ole e 1 purified from olive pollen, a commercial human profilin (Ole e 2 allergenheterologous) and Cu,Zn-superoxide dismutase (Ole e 5 allergen-heterologous, with multiple isoforms) used as standard (unpublished). The information obtained from these specific runs, can be used for multiple purposes like peak identification and quantitation within complex extracts, as recurrently mentioned in the present communication.
Proposed location for Figure 3
The use of a dedicated automated electrophoresis station also offers additional possibilities not widely reported here. As the first option, accurate quantitation of total protein in samples, and of particular peaks (or allergens) within a complex profile, can be achieved. The system uses the upper marker (260 kDa) as an internal standard for relative quantitation, and automatically provides a table with protein quantification for each one of the identified peaks.
This information could be made even more accurate throughout simultaneous reading of well-quantitated purified allergens, as shown here (Fig. 3) , and further comparative analysis.
The system peak is not considered in the quantitative concentration estimation carried out by the system. 
